Risk factors for laboratory-confirmed bloodstream infection in neonates undergoing surgical procedures  by Romanelli, Roberta Maia de Castro et al.
b r a z j i n f e c t d i s . 2 0 1 4;1  8(4):400–405
The Brazilian Journal of
INFECTIOUS  DISEASES
www.elsev ier .com/ locate /b j id
Original article
Risk  factors  for  laboratory-conﬁrmed  bloodstream
infection in  neonates  undergoing  surgical
procedures
Roberta Maia de Castro Romanelli a,b,c,∗, Lêni Márcia Anchietaa,b,
Elaine  Alvarenga de Almeida Carvalhoa, Lorena Ferreira da Glória e Silvad,
Rafael  Viana Pessoa Nunese, Paulo Henrique Mourãoc, Wanessa Trindade Clementec,f,
Maria  Cândida Ferrarez Bouzadaa,b
a Department of Pediatrics, Faculdade de Medicina, Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, MG, Brazil
b Neonatal Unit for Progressive Care, Hospital das Clínicas, Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, MG, Brazil
c Hospital Infection Control Committee, Hospital das Clínicas, Universidade Federal de Minas Gerais (UFMG), Brazil
d Pediatrics Infectious Diseases, Hospital Infantil João Paulo II, Fundac¸ão Hospitalar do Estado de Minas Gerais, Belo Horizonte, MG,
Brazil
e Faculdade de Medicina, Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, MG, Brazil
f Department of Complementary Propedeutics, Faculdade de Medicina, Universidade Federal de Minas Gerais (UFMG), Belo Horizonte,
MG, Brazil
a  r  t  i  c  l  e  i  n  f  o
Article history:
Received 23 September 2013
Accepted 18 December 2013
Available online 29 March 2014
Keywords:
Newborn intensive care units
Infection control
Surgery
Sepsis
a  b  s  t  r  a  c  t
Background: Healthcare Associated Infections constitute an important problem in Neona-
tal  Units and invasive devices are frequently involved. However, studies on risk factors of
newborns who undergo surgical procedures are scarce.
Objective: To identify risk factors for laboratory-conﬁrmed bloodstream infection in neonates
undergoing surgical procedures.
Methods: This case–control study was conducted from January 2008 to May 2011, in a referral
center. Cases were of 21 newborns who underwent surgery and presented the ﬁrst episode
of  laboratory-conﬁrmed bloodstream infection. Control was 42 newborns who underwent
surgical procedures without notiﬁcation of laboratory-conﬁrmed bloodstream infection in
the  study period. Information was obtained from the database of the Hospital Infection Con-
trol  Committee Notiﬁcation of infections and related clinical data of patients that routinely
collected by trained professionals and follow the recommendations of Agência Nacional de
Vigilância Sanitária and analyzed with Statistical Package for Social Sciences.
Results: During the study period, 1141 patients were admitted to Neonatal Unit and 582Healthcare Associated Infections were reported (incidence-density of 25.75 Healthcare
Associated Infections/patient-days). In the comparative analysis, a higher proportion of
laboratory-conﬁrmed bloodstream infection was observed in preterm infants undergoing
surgery (p = 0.03) and use of non-invasive ventilation was a protective factor (p = 0.048).
Statistically signiﬁcant difference was also observed for mechanical ventilation duration
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(p = 0.004), duration of non-invasive ventilation (p = 0.04), and parenteral nutrition duration
(p  = 0.003). In multivariate analysis duration of parenteral nutrition remained signiﬁcantly
associated with laboratory-conﬁrmed bloodstream infection (p = 0.041).
Conclusions:Shortening time on parenteral nutrition whenever possible and preference for
non-invasive ventilation in neonates undergoing surgery should be considered in the
assistance of these patients, with the goal of reducing Healthcare Associated Infections,
especially laboratory-conﬁrmed bloodstream infection.
© 2014 Elsevier Editora Ltda. All rights reserved.
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introduction
ealthcare Associated Infections (HAI) constitute an impor-
ant problem in neonatal units and are associated to
igher morbidity, mortality and duration of hospitalization of
ewborns.1–3
Rates of infection reported in international studies range
rom 0.1% in newborns at term to 20% in premature infants,
nd are inversely related to birth weight.4,5 In Brazil, higher
ates are observed – they can reach 69.3% – and infec-
ion affects mainly infants weighing less than 1000 g.6–8 The
ncidence density (ID) also varies with birth weight, from
pproximately 12% per 1000 patient-days in newborns weigh-
ng more  than 2500 g, to 51.9% per 1000 patient-days in those
ith less than 1000 g.7–9
There are several risk factors associated with nosocomial
nfections in neonatal units, such as prematurity, mechani-
al ventilation (MV) and central venous catheter (CVC), length
f stay in the unit, as well as parenteral nutrition (PN),
ntibiotics, and malformations.2,6,10,11 Surgical procedures
etermine surveillance of wound infection and surveillance
ecommendations to investigate this event.12–14 But risk fac-
ors for laboratory-conﬁrmed bloodstream infection (LCBI) in
urgical neonates are scarce nationally and internationally. In
 previous study at the same Neonatal Unit for Progressive
are (NUPC) where this study was conducted, surgery, MV, and
VC were identiﬁed as independent risk factors for LCBI.15
The aim of this study was to identify risk factors for LCBI
n neonates undergoing surgical procedures at a NUPC in a
eferral hospital.
atients  and  methods
he NUPC at Hospital das Clínicas of Universidade Federal
e Minas Gerais is a tertiary referral center for assistance of
atients with diverse clinical conditions, including high-risk
ewborns. This case–control study was conducted from Jan-
ary 2008 to May 2011.
ase  deﬁnition
ewborns (NB) who underwent surgery and presented the ﬁrst
pisode of LCBI, deﬁned by the reporting criteria of infection
n infants under one year – according to the National Agency
or Sanitary Surveillance (Agência Nacional de Vigilância San-
tária – ANVISA),12 – after the procedure, were the subject ofthis study. Only the ﬁrst episode of LCBI was considered; there-
fore, patients were included only once.
Criteria for notiﬁcation of infection attributed to commen-
sal microorganisms (e.g. coagulase-negative Staphylococcus)
were not included, due to the necessity of isolation in two
samples of blood culture associated with clinical signs.12,13
Control  deﬁnition
Controls were newborns who underwent surgical procedures
without any signs or symptoms of sepsis or any notiﬁcation
of LCBI in the post-operative period. Two controls per case
matched for weight were selected.
Data  collection
The information was obtained from the database of the Hos-
pital Infection Control Committee (HICC) and patient records.
Variables included were: type of surgery, birth weight divided
by age, prematurity (gestational age less than 37 weeks), pres-
ence of malformations, use of invasive devices (CVC and MV),
use of non-invasive ventilation (NIV), use of continuous posi-
tive airway pressure (CPAP), chest drain, use of PN, and prior
antibiotic use (ATM). In addition, surgical fasting and fasting
duration, mortality, time (in days) with CVC, MV, NIV in CPAP,
chest tube, PN, ATM and number of ATM regimens were also
evaluated.
Statistical  analysis
The software used for analysis was the Statistical Package
for Social Sciences (SPSS), version 13.0. The distribution of
patients by birth weight (used for matching) and type of
surgery was considered only in the descriptive analysis. For
the comparative analysis between groups (case vs. control),
2 test was used for categorical variables. For quantitative
variables, Student’s t test or Mann–Whitney test was used,
according to analysis of variance test evaluated by Levine.
Statistical signiﬁcance was considered at 5%. Multivariate
analysis was performed by binary logistic regression, consid-
ering the dependent variable the occurrence of LCBI, and as
predictors the risk factors signiﬁcantly (p < 0.05) associated
with LCBI in univariate analysis. Individual contribution of
each risk factor was tested (Wald chi-square), thereby elim-
inating the overlap between the predictors. This study is part
of the activities of Surveillance and Control of Infection in
Neonatology, and it was approved by the Institutional Review
Board (ETIC 312/08).
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Table 1 – Distribution of newborns according to weight
range and incidence density of healthcare associated
infections (HAI), Neonatal Unit for Progressive Care,
HC/UFMG, January 2008 to April 2011.
Birth weight Patients
at risk
HAI  Patient-day ID of HAIa
Until 750 g 22 45 1113 40.4
751–1000 g 69 95 3575 26.6
1001–1500 g 165 115 4951 23.2
1501–2500 g 466 197 7636 25.8
>2500 g 439 130 5323 24.4
Total 1161 582 22,598 25.8
a ID of HAI – incidence density of healthcare associated infections.
Table 2 – Birth weight distribution of newborns who
underwent surgical procedures, Neonatal Unit for
Progressive Care, HC/UFMG, January 2008–April 2011.
Birth weight Cases Controls Total
n (%) n (%) n  (%)
Until 750 g 2 (9.52) 1 (2.38) 3 (4.76)
751–1000 g 4 (19.05) 10 (23.81) 14 (22.22)
1001–1500 g 3  (14.29) 6 (14.28) 9 (14.29)
1501–2500 g 9  (42.85) 17 (40.48) 26 (41.27)
>2500 g 3 (14.29) 8 (19.05) 11 (17.46)
CVC did not turn out to be associated with LCBI in thisTotal 21 (100) 42 (100) 63 (100)
Results
During the study period, 1141 patients were admitted to NUPC,
with 22,598 patient-days. A total of 582 HAI were reported with
an ID of 25.75/1000 patient-days. From these infections, 126
were LCBI with ID HAI of 5.58/1000 patient-days (Table 1).
Among high-risk patients admitted in the period, we  iden-
tiﬁed 21 cases of surgical patients with notiﬁcation of LCBI,
who  were matched to 42 neonates undergoing surgical proce-
dures, but without LCBI. Birth weight distribution of cases and
controls is shown in Table 2, with higher frequency of patients
in the weight range 1501–2500 g (41.27%), followed by patients
weighing between 751 and 1000 g (22.22%).
Preterm infants undergoing surgery had 3.75 greater
chance of LCBI than term babies. Although statistical analisis
presented p = 0,048 for NIV, it was not signiﬁcant considering
that 95% CI included 1 (Table 3). For continuous variables, sta-
tistically signiﬁcant difference was observed for MV duration
(greater in cases), duration of NIV (greater in controls), and PN
duration (greater in cases) (Table 4).
Variables included in the multivariate logistic regression
model were prematurity (yes or no), duration of MV, NIV,
and PN (number of days). The model increased the predictive
value of 66.7–84.1%, correctly identifying 13 of the 21 cases
of LCBI (61.9%) and 40 of 42 controls (95.2%). Length of PN
was the only risk factor that remained independently asso-
ciated with LCBI (p = 0.041). Each day on PN increased by 9%
(95% CI OR: 1.00–1.17) the probability of LCBI. Although not
statistically signiﬁcant, duration of NIV tended to be a pro-
tective factor (p = 0.071), as each day on NIV was associated
with a decrease in the probability of LCBI by 29% (95% CI OR: 1 4;1  8(4):400–405
0.49–1.03). Prematurity and time on MV were not indepen-
dently associated with LCBI in the ﬁnal model (p = 0.29 and
p = 0.22, respectively) (Table 5).
Discussion
In neonates undergoing surgery, prematurity, duration of MV
and PN use were identiﬁed as risk factors for progression to
LCBI, but only duration of PN use has remained indepen-
dently associated (p = 0.041) in the multivariate analysis. Many
reports in international10,16–18 and national2,6 literature deﬁne
these variables as predictors of sepsis. However, none of the
studies were designed to assess risk factors for LCBI in new-
borns who underwent surgical procedures.
In a previous study15 surgical procedure itself was found to
be an independent risk factor for LCBI in newborns. Mokaddas
et al.19 evaluated patients with suspected sepsis in a Pedi-
atric Surgical Unit and 2.3% of them had LCBI. Of all surgical
pediatric patients, 82% had congenital abnormalities and 87%
required surgical interventions. Bhattacharyya et al.20 identi-
ﬁed a 6.2% rate of infection reported among surgical patients
evaluated, although the authors have not included infec-
tions other than LCBI. Higher prevalence of infection in these
children was associated to nutritional status (p < 0.0001) and
several surgical interventions (p < 0.0001). Besides, the stud-
ies were conducted in the Pediatric Intensive Care Unit and
was  not restricted to newborns. Nonetheless, neonates were
at increased risk of sepsis when compared to other children
(4.2% <0.05).
It should be considered that patients who undergo surgical
procedures are vulnerable to complications (such as extuba-
tion failure and diet intolerance) and they need prolonged PN,
as identiﬁed in the present study as risk factor for LCBI. They
also have longer length of stay in the Neonatal Intensive Care
Unit with frequent use invasive devices, such as MV, associ-
ated with LCBI in univariate analysis.
Zakariya et al.21 studied only infants who  developed LCBI
and also identiﬁed MV as a risk factor in the logistic regres-
sion model with an OR = 3.59 (CI 95% = 1.16–11.07). However,
the authors included all neonates, not only those undergoing
surgery.
A study by Su et al.18 included only neonates and identiﬁed
a higher proportion of nosocomial infection in patients under-
going surgical procedures (13% compared to 6.9%; p < 0001).
In multivariate analysis, MV and PN remained independently
associated with infection, increasing the risk by 21% and 30%,
respectively.
Another study in the same city conducted in a private
Neonatal Intensive Care Unit,2 which included not only new-
borns undergoing surgery, also demonstrated that invasive
devices were associated with HAI in this population. In multi-
variate analysis, the use and length of MV  was also associated
with BSI not associated with CVC. Other risk factors for sepsis
in newborns described in the literature – such as prematurity,
congenital anomalies, length of antibiotic therapy, and use of
2,10,17,18study, although prematurity was signiﬁcantly associated in
univariate analysis and preterm infants presented 3.75 greater
chance of LCBI when undergoing surgery. It is known that
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Table 3 – Association of risk factors with laboratory conﬁrmed bloodstream infection in neonates undergoing surgery.
Neonatal Unit for Progressive Care. HC/UFMG. January 2008–April 2011.
Laboratory conﬁrmed bloodstream infection Univariate analysis
Cases Controls p OR 95% CI
n = 21 n = 42
Sex
Male n (%) 13 (61.91) 18 (42.86) 0.15a – –
Female n (%) 8 (38.09) 24 (57.14)
Prematurity
No n (%) 4 (19.05) 20 (47.62) 0.032a 3.86 1.1–13.4
Yes n (%) 17 (80.95) 22 (52.38)
Malformation
No n (%) 1 (4.76) 6 (14.29) 0.41a – –
Yes n (%) 20 (95.24) 36 (85.71)
CVC
No n (%) 0 2 (4.76) 0.55a – –
Yes n (%) 21 (100) 40 (95.24)
MV
No n (%) 0  5 (11.90) 0.16a
Yes n (%) 21  (100) 37 (88.10)
NIV
No n (%) 20 (95.24) 31 (73.81) 0.048a 0.14 0.017–1.18
Yes n (%) 1 (4.76) 11 (26.19)
CPAP
No n (%) 12 (57.14) 23 (54.76) 0.86a – –
Yes n (%) 9 (42.86) 19 (45.24)
Chest drain
No n (%) 17  (80.95) 36 (85.71) 0.72a – –
Yes n (%) 4 (19.05) 6 (14.29)
Parenteral nutrition
No n (%) 1 (4.76) 7 (16.67) 0.25a – –
Yes n (%) 20 (95.24) 35 (83.33)
Previous ATM
No n (%) 0 1 (2.38) 1.00a – –
Yes n (%) 21 (100) 41 (97.62)
Surgical fasting
No n (%) 1 (4.76) 1 (2.38) 0.99a – –
Yes n (%) 20 (95.24) 41 (97.62)
Death
No n (%) 14 (66.67) 35 (83.33) 0.20a – –
Yes n (%) 7 (33.33) 7 (16.67)
OR, odds ratio; CI, conﬁdence interval; CVC, central venous catheter; MV, mechanical ventilation; NIV, non invasive ventilation; CPAP, continuous
positive airway pressure; ATM, antimicrobials; SD, standard deviation.
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rematurity is directly related to higher rates of sepsis, but
ost studies focus on birth weight, which is inversely asso-
iated to infection.1,2,10,18 LCBI rates of 50% were observed in
ewborns under 750 g,4 as well as ID of 37 per 1000 patient-
ays.15
Stoll et al.22 studied extreme preterm infants according
o gestational age and also found high mortality in these
atients, in addition to rates of infection of 33–38%. Auriti
23t al. also identiﬁed different risk factors for newborns clas-
iﬁed as very low birth weight (VLBW), considering cumulative
robability of having infection more  prevalent in this group.
isk factors included gestational age < 28 weeks and CPAP use.Invasive procedures were associated with higher risk as their
duration increased, with the highest risk associated with MV
for seven days or more  (RR: 3.82; 95% CI 2.83–5.17). These
authors also reported as risk factors for infection the use of PN
(OR: 8.1; 95% CI 3.2–20.5) and malformations (OR: 2.1; 95% CI
1.5–3.5), especially for heavier newborns, which is confounded
by the need for surgical procedures.
In the present study infection was not associated with
CPAP. However, the use of NIV might have been a protective
factor for LCBI (1 case compared to 11 controls), reducing the
chance of LCBI by 86%. Although OR was 0.14, the 95% CI
ranged from 0.017 to 1.18. Other studies have shown reduced
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Table 4 – Continuous variables associated with laboratory conﬁrmed bloodstream infection in neonates undergoing
surgery. Neonatal Unit for Progressive Care. HC/UFMG. January 2008–April 2011.
Duration of CVC (days)
Mean (SD)
30.67  (16.58) 22.29 (18.82) 0.09a
Duration of MV (days)
Median (range)
18.0  (28.5) 7.0 (16.25) 0.004b
Duration of NIV (days)
Median (range)
0.0  (0.00) 0.0 (2.25) 0.040b
Duration of CPAP (days)
Médian (SD)
2.24  (4.49) 3.10 (5.13) 0.52a
Duration of Chest Drain
Median (range)
0.00  (0.00) 0.0 (0.00) 0.51b
Duration of PN
Median (range)
17.0  (21.00) 11.0 (11.5) 0.003b
Duration of fasting (days)
Median (range)
3.80  (5.82) 4.4 (5.49) 0.36b
Schemes of ATM
Median (SD)
1.71  (1.45) 1.48 (1.37) 0.52a
CVC, central venous catheter; MV, mechanical ventilation; NIV, non invasive ventilation; CPAP, continuous positive airway pressure; ATM,
antimicrobials; SD, standard deviation.
a T test.
b Mann–Whitney.
Table 5 – Logistic regression model for predicting laboratory-conﬁrmed bloodstream infection in neonates undergoing
surgical procedures. Neonatal Unit for Progressive Care. HC/UFMG. January 2008–April 2011.
Predictor B Wald p OR (95% CI)
Prematurity 0.793 1.140 0.286 2.21 (0.52–9.47)
Days of MV 0.029 1.498 0.221 1.03 (0.98–1.08)
Days of NIV −0.344 3.252 0.071 0.71 (0.49–1.03)
Days of PN 0.081 4.193 0.041 1.09 (1.00–1.17)
 odds
rB, slope from logistic regression equation; Wald, Wald chi-square; OR,
ventilation; NIV, non-invasive ventilation; PN, parenteral nutrition.
work of breathing in newborns undergoing NIV, compared to
those who used Continuous Positive Pressure Airway, without
presenting complications, such as necrotizing enterocolitis
and gastrointestinal perforations. However, it was not con-
sidered for risk factor analysis.24–26 It should be pointed out
that NVI is a less invasive ventilatory support, thus reducing
several risks of MV.
There are signiﬁcant variations in predictors of HAI
among neonatal Intensive Care Units, predominating sep-
sis. Rates of infection in newborns vary between 4.7%16 and
69.3%.1–10,21,27–30 Despite most of the referred studies having
not used index by patient-days, their results are in line with
the overall density of infections found in this study – 25.75 per
1000 patient-days. However, when considering only LCBI, the
ID was 5.58/1000 patient-days, which may raise the issue of
notiﬁcation for clinically suspected sepsis, which is no longer
recommended by the NHSN criteria.13
The limitation of this study was the small number of
patients and the difﬁculty of matching newborns who did
not undergo surgical procedures: hospitalization and weight
range were not considered, only patients undergoing surgery
without LCBI during the study period. However, there are few
studies in the literature that were carried on in neonatal units
with patients undergoing surgical procedures and they did not
include only patients with LCBI as case.
Due to the lack of speciﬁc signs and symptoms of neona-
tal sepsis, so that other diagnoses could be ruled out, we ratio predicted by the model; CI, conﬁdence interval; MV, mechanical
have chosen to include only neonates with LCBI, consider-
ing that adequate blood cultures are not always obtained,
owing to technical difﬁculties of collecting samples in infants.
The exclusion of patients with sepsis caused by commensal
microorganisms can create a selection bias, underestimating
the number of cases, since most studies6–9 report coagulase
negative Staphylococcus as the main agent of neonatal sepsis.
However, the goal of this study was to increase the speciﬁcity
of diagnosis and avoid inclusion of cases diagnosed by only
one blood culture of these agents.
When possible, shortening the time on parenteral nutrition
with progression of enteral diet and preference for noninva-
sive ventilation in neonates undergoing surgery admitted to
the Intensive Care Unit should be considered in the care of
these patients, with the goal of reducing HAI, especially LCBI.
Conﬂicts  of  interest
The authors declare no conﬂicts of interest.
 e  f  e  r  e  n  c  e  s1. Ogunlesi TA, Ogunfowora OB, Osinupebi O, Olanrewaju DM.
Changing trends in newborn sepsis in Sagamu, Nigeria:
 2 0 1 
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2b r a z j i n f e c t d i s .
bacterial aetiology, risk factors and antibiotic susceptibility. J
Paediatr Child Health. 2011;47:5–11.
2. Couto RC, Pedrosa TM, Tofani Cde P, Pedroso ER. Risk factors
for nosocomial infection in a neonatal intensive care unit.
Infect Control Hosp Epidemiol. 2006;27:571–5.
3. Sadowska-Krawczenko I, Jankowska A, Kurylak A.
Healthcare-associated infections in a neonatal intensive care
unit. Arch Med Sci. 2012;8:854–8.
4. Kaufman D, Fairchild KD. Clinical microbiology of bacterial
and fungal sepsis in very-low-birth-weight infants. Clin
Microbiol Rev. 2004;17:638–80.
5. Srivastava S, Shetty N. Healthcare-associated infections in
neonatal units: lessons from contrasting worlds. J Hosp
Infect. 2007;65:e292–396.
6. Brito DVD, Brito CS, Resende DS, Moreira do ÓJ, Abdallah VO,
Gontijo Filho PP. Nosocomial infections in Brazilian neonatal
intensive care unit: a 4-year surveillance study. Rev Soc Bras
Med  Trop. 2010;43:633–7.
7. Couto RC, Carvalho EAA, Pedrosa TMG, Pedroso ER, Neto MC,
Biscione FM. A 10-year prospective surveillance of
nosocomial infections in neonatal intensive care units. Am J
Infect Control. 2007;35:183–9.
8. Pessoa-Silva CL, Richtmann R, Calil R, et al.
Healthcare-associated infections among neonates in Brazil.
Infect Control Hosp Epidemiol. 2004;25:772–7.
9. Kawagoe JY, Segre CAM, Pereira CR, Cardoso MFS, Silva CV,
Fukushima JT. Risk factors for nosocomial infections in
critically ill newborns: a 5-year prospective cohort study. Am J
Infect Control. 2001;29:109–14.
0. Aziz K, McMillan DD, Andrews W,  et al. Variations in rates of
nosocomial infection among Canadian neonatal intensive
care units may be practice-related. BMC Pediatr. 2005;5:22.
1. Kamath S, Mallaya S, Shenoy S. Nosocomial infections in
neonatal intensive care units: proﬁle, risk factor assessment
and antibiogram. Indian J Pediatr. 2010;77:37–9.
2. Brasil, Ministério da Saúde Agência Nacional de Vigilância
Sanitária, Neonatologia. Critérios nacionais de infecc¸ões
relacionadas à assistência à saúde. Brasília: Ministério da
Saúde; 2010, 2a versão. Disponível em: http://www.anvisa.gov.
br/servicosaude/manuais/manual deﬁnicao criterios
nacionais infec%E7%F5es relacionadas assistencia saude
neonatologia.pdf [accessed 30.01.11].
3. Center for Diseases Control and Prevention (CDC) CDC/NHSN
Surveillance Deﬁnition of Healthcare-Associated Infection
and Criteria for Speciﬁc Types of Infections in the Acute Care
Setting; 2013. Disponível em: http://www.cdc.gov/nhsn/
PDFs/pscManual/PSC-Manual-portfolio.pdf [accessed
03.08.13].4. Mu Yi Edwards JR, Horan TC, Berrios-Torres SI, Fridkin SK.
Improving risk-adjusted measures of surgical site infection
for  the national healthcare safety network. Infect Control
Hosp Epidemiol. 2011;32:970–86.
34;1 8(4):400–405 405
5. Romanelli RMC, Anchieta LM, Mourão MV, et al. Pediatria
(Santiago). 2013;89:189–96.
6. Moro ML, De Toni A, Stolﬁ I, Carrieri MP, Braga M, Zunin C.
Risk factors for nosocomial sepsis in newborn intensive and
intermediate care units. Eur J Pediatr. 1996;155:315–22.
7. Balkhy HH, El-Saed A, Khawajah M, Dichinee R, Memish ZA.
Neonatal rates and risk factors of device-associated
bloodstream infection in a tertiary care center in Saudi
Arabia. Am J Infect Control. 2010;38:159–61.
8. Su BH, Hseieh HY, Chiu HY, Lin HC. Nosocomial infection in a
neonatal intensive care unit: a prospective study in Taiwan.
Am  J Infect Control. 2007;35:190–5.
9. Mokaddas EM, Shetty SA, Abdullah AA, Rotimi VO. A 4-year
prospective study of septicemia in pediatric surgical patients
at  a tertiary care teaching hospital in Kuwait. J Pediatr Surg.
2011;46:679–84.
0. Bhattacharyya N, Kosloske AM, Macarthur C. Nosocomial
infection in pediatric surgical patients: a study of 608 infants
and children. J Pediatr Surg. 1993;28:338–44.
1. Zakariya BP, Risk Factors. Predictors of mortality in culture
proven neonatal sepsis. Indian J Pediatr. 2012;79:358–61.
2. Stoll BJ, Hansen NL, Bell EF, et al. Neonatal outcomes of
extremely preterm infants from the NICHD neonatal research
network. Pediatrics. 2010;126:443–56.
3. Auriti C, Ronchetti MP, Pezzotti P, et al. Determinants of
nosocomial infection in 6 neonatal intensive care units: an
Italian multicenter prospective cohort study. Infect Control
Hosp Epidemiol. 2010;31:926–33.
4. Ali N, Claure N, Alegria X, D’Ugard C, Organero R, Bancalari E.
Effects of non-invasive pressure support ventilation (NI-PSV)
on ventilation and respiratory effort in very low birth weight
infants. Pediatr Pulmonol. 2007;42:704–10.
5. Dumpa V, Katz K, Northrup V, B.Handari V. SNIPPV vs NIPPV:
does synchronization matter? J Perinatol. 2012;32:
438–42.
6. Bhandari V. Nasal intermittent positive pressure ventilation
in  the newborn: review of literature and evidence-based
guidelines. J Perinatol. 2010;30:505–12.
7. Ballot DE, Nana T, Sriruttan C, Cooper PA. Bacterial
bloodstream infections in neonates in a developing country.
International scholarly research network. ISRN Pediatr.
2012:1–6 [Article ID 508512].
8. Cimiotti JP, Haas J, Saiman L, Larson EL. Impact of stafﬁng on
bloodstream infections in the neonatal intensive care unit.
Arch Pediatr Adolesc Med. 2006;160:832–6.
9. Yogaraj JS, Elward AM, Fraser VJ. Rate, risk factors, and
outcomes of nosocomial primary bloodstream infection in
pediatric intensive care unit patients. Pediatrics.
2002;110:481–5.
0. Donovan EF, Sparling K, Lake MR, et al. The investment case
for  preventing NICU-associated infections. Am J Perinatol.
2013;30:179–84.
